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umms ] HineiS^^^iiiiN i , f e j., ( o ^ 
x<o. 3 5) T$>iztimLt-tmmimm<^ 

iMsme ] mi^mm^t-^m^N i m n s bt-^rsc: 

' fc 5: !^®t fc -r ^ m^m i - e 0ntitHztm<mm. 

(0. 35gxgo. 8) x'h^ztmmttm 
5i<^ 1 - 7 (DnfiMZ5m<7)mMMm)3km^. 

ta^JllO] |tiiaAlC7)J^i|[{il. 0~2. 5ninT'3b 

/c'^isis h y^-/\^m^(^mM^^i . -':f}cr>mm&m^ 
h y^^fw^'j Tmizw^^m^mmmi:ii^if.:^mim 
x-m^^ti. i> 0 -'U<Dim^mmizRmm&mi 
mmLt:mmMmm^(Dmmijmiz}5\.^x. ^mt 

2r-iro;yx^»AL. zcommammimmitLxh 

[000 1] 

( M R A M ) (cji L/ciamfiiS?;m«i^t2Ktl. , 

[0002] 

{w^c^wfj] ^WtYy^-^)i'^-^\i.--o<mw&.m<r> 

fBi\,zWimW-<nm\^mS^t^^-^j:h V y:t-;WN'y rm^^ 



mmmm.mmi^nmz]!5txmkmi}mtt 

hh^i,z\iwm},im'hbti:*) . u.^'^x'h^m-^[z 
\imm.ifim:kb^j:h . u-^x. mmm^zwmm^ 
n^^h^bi^zx-iX. 9\-mmMcm^i,z)xitxm.it(o 

xm^m\i!,iM^b^j:h. m.^m&^:^>!bhmmi!i 

2Pi P2 / (1 -P, P2 ) xm^tlh. ^CD^ 
'^^Zb'^WMlX\>-^h. 

[0003] h y;t-;W;s;y Tm<DShW<7)\ti\±l,zX 
0 , 2 0%i V^aai^ffi(ci£v^K^t)i^^k$^^f-^ 

jstt h y^fum^m i^tL?>Xo^z^j:'^t:zb^-(;>.m 
%'\^v v'^mM^^v^<7)mm(^-^mm^^t'ox^ 
^■z. ^oUziz^^mmMi^itmimLx^^iit^ 

y^¥-y^i^'y^X^ 79^, 4724-47291: (Journal 
of Applied Physics, vol. 79, 4724~4729,199 

6) J ti^hh. 

[0 0 04] zm^m^mmm\.^xmmti. m 

1 2l,Z7jK~tX0l,Z^ ^mmb LTCoFeMl 22t 

cojii24$-fflv\ ziii^<nmmmmiiZX'oXA\ 

2 03 -b^i^Kcih y^t-yt-^N' y T« 1 2 3 ^:m^fmiti 
j^o. z<omMimi 3i>z7p-rxo^j:7°u-\zxx'im^ 

tiX\^^6. mm'?X::^i:m^^X:(fyxmmi 3 1±{:C 

13(a)), ?|#^#^Xi7J39SLTl . 2-2. 

Ormm(r>A I JSl 3 3 mm-t:^ (Hi 3 (b) ) , C 
c^AlJI«M&l?Si/n-S[«tciSf.It(cj:^T, A 

1 2 03>O^J?>^S h y ;^;py\'y 1 3 4 ^m^-tl 

(013 (c) ) , ;gf|^(z, Z(r)hy^^)l-A0Tmi3 
4 ^^LT^ 1 OSSSttg 1 3 2 1 :ft^^r|6]AJSmc3c 
^I.J:d(;Co3t)^/?>=5rl,|g2<7)3|KttJil 3 5mmi 

x+^mmm.mm&. h y^^m^m^^^fs.^iti 
(HI 3 ( d) ) , :i<^irmxn. mm,im-imb i 

xm:l 8%b\>^o±^^J:m^)^^^>tlX^^l . 
[000 5] ^comcomb LX. #^T5-6 3 2 54 
-f '^m-e - 2 4 4 4 7 7-^^^. Wm¥8 - 7 
0 1 4 8-t^$g, #13^8 - 7 0 1 4 9^{^m. 
8-3 16 548-t^|gStXri 997^^ B^JEfflS 

2 im^ 493~496Hj ^b'(Dm^f)ih^ . >r 
zvi±hy^'^)w<u7mcommz. AiM^fmm. ± 
%^izmixAi2 03 i:^m'it?,ifmm^^x^^ 

e . Co. N 1 m^tLi^(7)-km^iy^j:mmm^mh 
tix\,^&jkimmx'h6. 

[0006] ;ti4>(7)amffia35!jmSi^5raMBiiffl 



(3) 
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isii^tizx-^x^m^m^imixm^mb i. 

\^^imimtmfr-tixoiz^^$tL. yu~m<7)m. 
'^(:o^^^I#(imffii:¥^T^^is«$i^T^^-s., mirm^ 

I. i t tc<j; , m^<^mt<7)m t t^^tSMn^^ 
^v^ix-hL. ^cr>^^m^tim'f<Dmmmzx'o 

[0007] 

t i^M^mmxh K) . mmm-{t<^fzMz±^ ^j:mm,fm 
mxhi. L*>L. ^ 3 Lfz^mmii-mnzm. i o 
^^nm-tixh°yj's)],-ftmu(^m^^m\'^f<:m^iz 

[ 0 0 0 8 ] ifc, mMMum^m^^mM^-y v^zm 
mtifzMzii. m'^mmmmtitzMzmmM 
=?-^ikX'him^m\^mKmi^'mxhii}\ mkcrih 
y:^)Ws u rm^rnxmcri^mmmTh -yfi, t 
tz. m.w^-^ \^(r)mmmnziim^^-nms.<r)±i 
m^mh t\ mMmx\im=F'w&^:Wj: a ; t ^ < ik 

i^:^)i-m.(r>^^^-^mmmcr)miuzm^^^tz 

mxu . im>^(r)m&X' v y^)VJ^ u r«tcey*-/i^ 

g(t& ^tizx-o xmm^^u-m,k ^mi>z^ < (^mm 
i:mtx\^i,, 

[0009] ^mmmi. ^(DX 0 ^mmmcnm 
mmmi. mmmx-Lt'i>^mzm^mmmtiiT^ 



(3jni. m.mi,Z'mt£mmmm^^:hmK'm.im 

[00 10] 

commMm:m=Fii, mmm<r>mizhy^^)w^vT 
umA.fzmm^hy^^ji'm^cDmm^^i. -um 
mmmmi,zmmmmm ifzmm.tmm^ 

iza V . iP^^r < t Kmmm tmix^ ^=Srv ^^^o^ 

^mmxm^^tLi. z b irwrnb i . friss^^s^ii 

liCo, Fei., (OSx<l ) XliNi, Fe 
1-, (0^x<0. 35)J1. Xii^^X}^y'^m^n 

^^mit-^xhi i b imkb ^mm^t-^mx 

h I. {4 N i M n S b ^ t'cr)^ti^Jilit-#) S CI fc ^ 

[ 0 0 11 ] KF^ L < (4, mm'rfmmmm-^i i o 

nmJ.ilT'C^^ h^b ^mWLb -fh . 
[0012] liriEliCfiSM4A-7D^ N 1 , F e 1 

(0. 3 5gxgo. s,)xhh:.bmmbL.mi 
h y^^/pvN' u 7a{4A 1 mfmimx'hh z b t:m 

bL.1fftL<i±. HUieA 1 cr,mmm.o^2.5mx%i 
Zbi:nmbti>, 

[0013] ^^m<7:>mmm}m^cr>mmmim 
m\iscomz hy^^)w< »j TMi:mA.fmm.&. h y^-ju 

^m=FcomMJ]miz}5\^x . ^mtfzii^mi^i}^^^ 
I. zcomwsmmi ^^m-itix h y^^)w<^j rm^ 

[0014] ^mil>zi5\,^xii. i!'-^< 1 4>M5Silttii 

mizm^i^mmmmmitM^mx-m^s.^tix^^h 

[0 0 15] tfz. ^mcr>mmiimizi5\,^xii. 
Mz^^i^m'xi^mxL. mmmmm^mmiti 
xhy^-fWsVTmimfS.i-^cr)X\ ^mm:^'xcr>^m 
i:^i'^^j:\'^mmmm^x-^:mm^i:^-yrzt m^t 
mcr>mt,<-^mv$) . mm h y^^fwoj rmmm 
x<m-thzbt^x'^:i,. 

[00 16] 

i^i<7)mm<r>mMi>z-:)\,^x. mm^^mtxmmt 
I, 

[0017] muzT^txoiz. mmm 1 1 /?$ie 
lyv-Mb comiz h y s' y rii 1 4 ^ikA,fzmm. 
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^m&m i3ph y^-^)Vf^ "J T« 1 4 t^-r siifcfit ^ 
c J; o r . h y^^jw N' 'J 7S 1 4 1 ^iittJiBii 

mzm^iii. V 7v~st mmmmzti, zth 
iooi8]m^mmmi5tLxii. co, Pe,., 

(Ogx<l ) , X{±Ni, Fei_, (Ogx< 

0.35) t/^mt ixmf^tii. ^^x^yj^m^: 
n-omm^t^m^^im^izimmt lt^ i o o 

1^ 1 5 1 0 nnaTX'hilii. 7 U -«c7)^ga;'j 

h^tK 5nnm'xhtnix>o^mx'$>i. wmm 

1 6 i LTA--7n^ N i , Fei., (0. 35gxS 

immttiiih'y7i,~jum^±mzm itimshmcr) 
m^mi^ti^, zcriA \ (7)miimt^'htm^mi>z 
±mA 1 tm-^xxt'ymn.commt^r). mt¥^ t 
Tim^m!m<r>mt Tmit^ixxmm,imim(r) 

ffiT2r5l#^>I-rJti6. 1. 0-2. 5mX'hh^bifi 
^^^j:t'comiz}:^Xikti,. 

[ 0 0 1 9 ] ^mff^mmmm^commif 
&izm-tim2comm(^mmiz-^\.^x. mm^^Bsix 

[0020] H2 fcst^j: 0 iz^ mmm2 1 . mm 
m mm) 22. ^»i2 s^ss^'TjiasciiL 

fztk (02 (a) ) , E^^iag§;t/i:<|$i^^^;^ 
2 3 i7)^MSr i»t: LT h y^^/W^V Tfl 
24§rJgfig-rs (02 (b) ) , 02 (b) fcS^-tJra 

t . 2 3 (iii?Piia!E< m^t^tLi z t tmt t 

Mm^m^ltitk. Co, Fe,., (Ogx< 

1 ) . XtiNi, Fei_, (OSx<0. 35) . XJi 

^y'!^m^^':>^msit-^t^ii>^j:mmmm 

2 5^mL. B\m$. m.m2f,imtx. mm 
If h y ^^m-^m^m^mm^^^ m2 

(c) ) . 



[002 1 ] SIStMtF e , Co. N i tfdi^tli^ 

•r^ifcjCcto. Tmk^j:mmm2 2i,znLxm 

g*x;^;^^'-{iFe, Co. N i J; 0 i):^SV>;ty)h 

y^vPM'urit^rSAh 03 {4«-^^ffiT»c 

^MX'h^ , *«{|^^mST'{47 U -S 2 7 j: 0 
[0022] 

mzmnti. 

[0023] ^^mi^mssimm^com^^mma. 
msiZTT^i-i. 0 iz. mmt:mit itz simmi ±lz 

SnmJjOTaMi SnmJfc^N i 0. 81 F eo. ,9iic7)::JiM 

^'^''^^^-<-yyT-m3 2t:irixm^titzi5nm 

(^F eMnm^^i^^i>mmm 3 3 tmZ 1 OnmCDN 
io.8iFeo.i9li*^^>^|,^lc05$iStt®3 4. 
-eoitlAlj O3 Ji*^Ji.5rShy^vWSlj7fl3 5 
l::rt-LTJ^^§n7tiP§ SnnicOC o F e|i3 6 tif $ 1 
5 nmcT) N i a. 8 1 F e 0 . 1 9 liiCJSttlg 3 7 <^Z«li*»^> 
^2cO^JStt«3 8T-«§i^S, ^'■y7T-;i3 2{4 

m^^itifcibm^^i,. z<?)mm^nirzMziiJ< 

•y 7 r-;i5r^Sfig1-^ N i 0. 81 F eo, igJltt ( 1 1 1 ) 
UTt^§ ; t A^i2>gt'$> "9 . ¥9t IXT 

amffll^TV^I., Ta^mtci^Nb. Ti. Hf. 

**ltmi±K3lJattSfc LT F e M n *fflV^Tl>^ 
*\ ffitCt IrMn. NiMn. PtMn. PdMn^ 

t'i:m^i;iti<x'^6.mi <^mmm 3 4 im& 

-.-:><^mcr>mitcr)m {451 ^Citfi= LT I ^ I. , 

[ 0 0 2 4 ] ^m<^mt&mm^mm:^ 
mt:mm^0mLxmmmm-ti> , 
[ 0 0 2 5 ] ^ -r. 04 ( a ) c^-r i 3 izmmmm 

itLtzSim41±l,ZT am (m : 5nm) fcNio.eiF 
eo. 19M imS-: 5nm) c7)lJi|^3t,.ii,:5^|,y>{,y-7^_jp 

4 2. FeMnIi (Mff: 1 5nm) 

S4 3. Nio.eiFeo.isli (MJ?: 1 Onm) ;i)^^>:5r 

^llli^3S?SeJl4 4. AlH (H/f : 2nni) «^^>:5:^ 

^Ma4 5m~M^f^T^LXXJ^^y^m^lfz. 
^iOB^(;{44>f y^Bflco^-y-y h 5a^(ix/ci; 
i^^v^^. h n yx^^ >/ ffli ^fz , ^^f^ 
ItfKXJ^'V^y^y m-ti 1 X 1 0-7To r rlilT. 
Arff:f|l OmTor r. 2 0 0 WT'^ o ^ 
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2:2 0TorrT10^!gffii$tT. Al®®i4 5^ 
i^i?ft:thy^>;^A'yTJ146^ffML7t: (1114 (b) 
m% IX^^y ^^yy Kff^jtiiM L/tf*, C o F e 
m im-. 3niD) 4 7, Nio.siFeo.igliClSffli (H 
i¥: 1 5nB) 4 8*^^>^^^2<7)^JKttif4 9^ TaM 
imJf: 5nra) *^^>^S«aJl5 0$:ili|LTXA°7:J' 
^«L, t^-^mmir^^^-^tz (114 (c) ) „ 

4 1 ffiF^CO— ^(fjjf- 1 0 0 O e (7)^1^2: Epjnt/vr, t 

^im, S«4 lEl*l•C'>r^o:^rI6Ii:^^T-t-^iI^I{- 
2 0 0 o e com^iMtt:^mT-mrMmmin'o 

[0 0 2 6] i>:t/jiS<7)7:r h'jy:^''77^g|&t-^ 

i6i!!)MJli^<7)«^EiijDcD:^(6i t-irr.g. J: 3 t^TSPlE^ 

mmzMxiti (04 (c) , mM5o±m^tm 

y rS4 6 i T'^ s y y ^z-f § ( ^4 ^ 
(e) ) , Z(7)U'JXhn:?-ymttittAU 

03 m mm-. 2 5 om}^>^:^j:i^^5 2imi-t' 
-^mmLtim. u:7h^7$-ff3 (04 (f ) . 

Aim^m-. 2 0 0niB) *^<i,=5:Sie^«5 3^^||ffi 

^zmmti. mz^ ^i^^h^-^^^-y^m^xmims 

(114 (g) ) , 

[0027] 05 l:*|§Heco^:^^fflv.Tf^L;t 
{±^3SJSttJl4 3 1 c^?^Kttji4 4 iO^£7)3^fe-A. 

(r)m:nx$> ^ . 10.4 xxh 0 . 

it<±mzm^iix^^h. itz. yu-smmm 

'<-Xh 10el^JT<r>mi!\iX'h'otz. Z(^Xoiz^ yO~ 

mmm-&m2(D^mm4 9 1 txmsmt 

®^c7)C o F ejii: N i 0. 81 F eo. ,9McOZ®fflj^i:-t 

[ 0 0 2 8 ] m-^mmi. me ^z^tx '0 izm-^ 
^mznixmmx<mmmm^.Lfz, zc7)m^ 
t-i^ . mxm^^t uzmumt lt 2 . 4 x 1 0 q 

^m^z-tl , ; J: a =5rffiffifiLi[{i3lJStt h y 

mmcommmmi'X'itmxmuc. tfc.ts^ 
tmii h y^jw< y Tismmcommmmmm. 
mm-tiztizx-^x. zk^immt^itizbtn- 

# ^ . 2 y-^ s i '>x-y M*i^og^ffiii60#^{f /i>o 



[002 9] 07t;i 0X1 Oxiin2JCfc(tSJimffitii^ 

3X1 0^ A/cm2 T'^^ll^fii 
^^t:$i.$«j2 0%«^iJ,iZit^oTUS. ;fl.A>c7)^m 

^t, io« A/C1112 <7)mmmi^x3mY . 3x10 

» A/cm2 ■C7mVT'*)o/-. 
[0030] 

[^ife^J2] *^Hj<7)ii2coiiii^j^0ffl^#Bs 

[003 1 ] ^^m<^mmmim'?-cr>m:mmit. 
08 tTF-r i a ^ffiSri^m L?t s i s^^s 1 hz 

5ninJI<0T aMi 5n>DJIcON i 0. 8. F e 0. , slicoZJlli 
A^4.^|.^N'-y7r-«8 2&:n'LTm$fl/il Snmif 

iOFeMn|l*^^>:$r^S3$fiSttS83t«§ 1 0nmc7)C 
oFejl3&^^>;3:|,^lt03SiSttS84, $<?.t'ec7)_ht 

AI2 03 mt^t:>t{:hhy^>-}w^^)Tms5-^irix 

M^^fifzm^SmO^CoFemsebm^ 1 5nmc7)N 

mmssx-msi^iih. 

[0032] ^ 1 

fc LT N i 0. F e 0. 1 3 Jl<7)fti3 0 (=C o F 
e ji&fflV^^ ; t Srl^ViTtt04 OTD-trX t n tXh 

1, ^m^TumMmm^itrnma. 8%xh^ 
^immmtixNi,^,,Fe,,,,m^:m^fzm^ 
izitK^teiziSLmtifz. -u^ y'}-m<7)wmit 

2. OOei:^iM:#<5:o/i, icoiat:, 7y-® 

^ ^ 2 i7)5$S8ttJi 8 8 1 LTHil 3 nin 1 1 ^ d :E 
ISt^C o F eMt N i 0, 81 F eo. igliCDZJimt 
§ ^.tlil^«S:m-ri.mi CO^attJlt LTC o F e 

ism^s^ttcio. 7y-iic7)eftja^$^i,g^,^ 
^<%-oi-ztt. mjmMmiimiz^mi-h:ib 

[0033] 

hxmm^zmm-h. 

[0034] ^mmmmmfm'f-ffymmmi. 
m9\,z7r.tx 0 iz^ mm^m^tifzs i &m9 1 ±{: 

5ml^cr)T ajit 5nmjpON i s, F e„. ,9ll<^Z«li 
*^'^^I.^N'-y7r-S9 2S-:a-LTm§it^v:l 5nmW 
'^FeMnJi^^i^^S^^SJilMgB. 1 OnmJfON i 
0. 81 F eo. i9KfiSttM9 4 1 3nmSrc7)C o F e|^9 SCO 
ZjiJi*>^.=5rS|llc7)5Hg14Ji9 6^ $ ^>(=-!-^±{;a 

I2 O3 M*^^)^^ hy;t-;l^ys yrjl9 7Sr:f>LT^ 
l^§nJt3nmi|[^CoFeJi9 8i:l 5niiiJI<7)Ni(, 3, 

F e 0. 1 9MttM9 9 (^zMmi^i^^j:6m2ff)mmm 
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9 1 OTffi^^tlS. 

[0035] z<7)mmm)m^mmmii. m i 
mmmt lt n i „. f e „. is^mcoith o iz i 

Onmif i 0. 81 F eo. i9«:jSttli94 t Snmffc^C o 
F e H 9 5 <7)i:Mmi:m\- ^lZti:m^ ^T«ill4 OTn 

7. 5%T*D. S5lO®mtt«&t/B2<7)3$Jieflt 
LTIfV^C o F e ff A L^V mm.X'i%(:>tifz 5 . 9 

Mil. 8OeT$)0, CoFe)iJ}fAL^V^J®-^t 

mmy u -« m!S.-tm i <7)^jstta 9 6 mm 

2co^mm9 1 Oi:L-CMil3niiii:V^3ffiji<7)CoF 
e lit N i 0. 8 1 F e 0. , gJiiOZJimt f-S ; i 

^tmi±mzi&mi-hztt^v^tz. :i<7)mm,tm^t 

[0036] 

bxmm^zmm-t^. 

[0037] :^^mc^mm.m}m'i'<7)mmmii. 
m 1 0 iz^i-x 0 fc, mt:mmituc s i si? 1 0 1 

±12 5ninJ¥OTaMi: 5nmif iON i 0. 81 F Co. igJiiCOZ 
aii*^/^^!. A-.y 7 r-S 1 0 2 ^^LT0fig§ix/S 1 
SnmJIcOF e M nM*»^,55:I.K3Sl[ttJi 1 0 3 tif^ 1 
0nnic7)N i 0. 81 F eo. i9M:<)^^>^Smi CO^JSttJi 1 0 
4. $f>{C-e<7)±tCAl 2O3 MA^/^^fShW^yPA' 

OTMl0 5iitlXm^^h.tzm^3ma)F emi 0 
6i:J?$l 5nm<7)Nio.8,Feo.,9l^fi^ttlil 0 7OZ 

[0038] z<7)mmmm'f-mmmit. m 

(O^iUMt Lr 3niiiJi:<?)C o F eUt 1 SnmiPcDN i 
o.8iFeo.i9KJSttll^ZJlJi<7)fti^O(::, 3niiafcOF 
em 0 6 i: 1 5nm^ON i 0. 81 F e 0. igKlSffii 1 0 
7 tO_®llSrfflv^^ d t ^|^i,>T{il2l4 (7)Tn-fex 15] 

tT-* I. , ci<7)*^t'<iJimg*i:^^t*{i 10.0 %x 

FeMl 0 6$rJfAL^V«-Cf#'^fi;t5. 9 

^J{il. 2Oe-C?>0, FeUl Oe^JfAL^V^J^ 
titKLTt 10eOT^7)lijDr'*o;^^. ii7)J: ^ 
7 y -«Srm-ri>IS2 1 0 8 1 LTliiJ 3 
nnitU^ii?ic7)F eUt N i 0.81 Feo. isMcTiZJim 

t . m'mwtm'k±mizikm-ti ; t t^x-^ tz . ^ 
(^mM,mnMitmiim^m&i.mmima-$'itxi>i o* 

[0039] ^mmmxim&mm^-tm i ^5^® 

ttili: LTN io.8i Feo.,9Ji$ffli,^Ti/^l.*^f. ^ff^m 
iZhmmm2R:/3l,Z7f^lfzcr,t^mcr)^mX\ Pe 



X{iN io.giFeo.isMfcH^COFeJlcOZljiJi^ 
[0040] 

[^lft^J5] *l|Bjcr)^5(7)||}g^J^|liBS-#3g 
[004 1 ] 

Ill nz^-txd^z^ mm^rMMititis imnRi 1 1 

±{C:5niD;f(7)TaMi: SnmifcON i o. 91 F e ,glKiOZ 
Sil*^'^'SrSA-.y7r-Jll 1 2$^LT?gfi!4$fL^ci 
5niiiJi<7)FeMnM*^^>^i,S^att;il 1 3tff§l 
OnmcON i M n S bM*^4=5rl.^ 1 c7)^Kttii 114, 

$^>tC'e^7)±tcA 1 2 0 3ii*^4>^i. hy^-;i/yN'yTJi 

1 1 5i:-iYlXm^^tltzm^3m(r>N iMnShmi 
1 6 1 Ji§ 1 5nDK7)N i 0. 8 1 F e 0. igfClSttli 1 1 7 
_JiM*^A.=5r^|g2<7)5iiieJil 18T':ffi^^il^. 

[0042] zff)m^immmi-<DmMijmii. m i 

c7)3i{SttJii: LtN 1 0.81 Fee. i,m(7)ith^izN i M 
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(54) MAGNETO RESISTANCE EFFECT ELEMENT AND ITS MANUFACTURE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a magnet resistance effect 
element which has both large polarizability and a small coercive force by 
constituting at least one side of a ferromagnetic layer, which is not in 
contact with an antiferromagnetic layer of a soft magnetic film provided 
with a thin high-polarizability film on a tunnel barrier layer side. 
SOLUTION: A ferromagnetic layer 13 constituting a free layer is 
constituted of a solt magnetic layer 16, provided with a thin high- 
polarizability film 15 on a tunnel barrier layer 14 side. The film 15 has a 
stronger coercive force than a thin film which is made of Permalloy (R), 
etc. However, the coercive force of the film 15 can be reduced, while the 
polarizability on the surface of the ferromagnetic layer 13 which is in 
contact with the tunnel barrier layer 14 is maintained at a high value. Since 
the magnet resistance variations of a ferromagnetic tunnel junction vary 
depending upon the property of the surface of thin ferromagnetic layer 
contribution to tunnel phenomena, the a free layer structure is adopted. 
Therefore, a magnetoresistance effect element having both a large 
polarizability and low coercive form can be realized. 
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* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A magneto-resistive effect element characterized by consisting of soft magnetism films by which a 
ferromagnetic layer of a direction which is not in contact with an antiferromagnetism layer at least equipped a tunnel 
bamer layer side with a thin high polarizability film in a magneto-resistive effect element which has structure of a 
ferromagnetic tunnel junction whose tunnel barrier layer was pinched between ferromagnetic layers, and has arranged 
an antiferromagnetism layer on the outside of one ferromagnetic layer. 

[Claim 2] said high polarizability film - Cox Fe 1-x (0<=x<l) it is - a magneto-resistive effect element according to 
claim 1 characterized by things. 

[Claim 3] said high polarizability film - Nix Fe 1-x (0<=x<0.35) it is - a magneto-resistive effect element according to 
claim 1 characterized by things. 

[Claim 4] Said high polarizability film is a magneto-resistive effect element according to claim 1 characterized by being 
an mtermetallic compound with perfect spin polarization. 

[Claim 5] A magneto-resistive effect element according to claim 4 characterized by said intermetallic compound 
becoming with semimetal. 

[Claim 6] A magneto-resistive effect element according to claim 5 characterized by said intermetallic compound 
becoming by NiMnSb. 

[Claim 7] Thickness of said high polarizability film is a magneto-resistive effect element given in any of claims 1-6 
characterized by being lOnm or less they are. 

[Claim 8] said soft magnetism film - a permalloy Nix Fe 1-x (0.35<=x<=0.8) it is - a magneto-resistive effect element 
given in any of claims 1-7 characterized by things they are. 

[Claim 9] Said tunnel barrier layer is the magneto-resistive effect element of claim 1-8 characterized by being the 
natural oxidation film of aluminum given in any 1 term. 

[Claim 10] Thickness of said aluminum is a magneto-resistive effect element according to claim 9 characterized bv 
being 1.0-2.5nm. 

[Claim 1 1] It has structure of a ferromagnetic tunnel junction whose tunnel barrier layer was pinched between 
ferromagnetic layers. In a manufacture method of a magneto-resistive effect element that one ferromagnetic layer 
consisted of soft magnetism films which equipped a tunnel barrier layer side with a thin high polarizability film and has 
arranged an antiferromagnetism layer on the outside of another ferromagnetic layer A manufacture method of a' 
magneto-resistive effect element characterized by including a process which introduces gas containing oxygen carries 
out natural oxidation of this conductive layer fi-ont face, and forms a tunnel barrier layer into a vacuum after forming a 
conductive layer which consists of a metal or a semiconductor. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention! 
[0001] 

^^iT^^^V'f ^^T^""!" r?^^^"! ^^^"^'^ ™' ^"^""t^^'^ t« the magneto-resistive effect element suitable 

for the magnetic head for playback and high density MAG memory (MRAM) in a high density magnetic disk drive 

[Description of the Prior Art] A ferromagnetic tumiel junction has the structure whose tumiel barrier layer which 
consists of a thin msulating material of several mn thickness was pinched between two ferromagnetic tayerrw'h this 
element, where fixed current is passed between ferromagnetic layers, when an external magnetif fidd TsTmprred h^^^ 
ferromagnetic stratification plane, the magneto-resistive effect phenomenon in which resist^ce cCges acSnl to 
whenever [ angular relation / of magnetization of both magnetic layers ] appears. When the sense oT^sm^tii^L 
IS para lei resistance serves as min, and in being anti-parallel, resistance sen.es as max. Therefore ince 3el of 
magnetization and an anti-parallel condition are reahzable by giving a coercive force difference to bZmaS layers 

atZ^'^Th '""T^ f"^ ''''"^'^ T^'""' "^'^'''^ fi^^d d^t^^tion by the resistanceValue Sge is 

attained. The magnetic-reluctance rate of change which determines magnetic field sensitivity is the polarizabill^^ of two 
ferromagnetic layers PI and P2 It is expressed with 2P1 P2/(1.P1 P2) when it carries out. TWs fo^l^^tf 
ma^etic-reluctance rate of change becomes large, so that both polarizabihty is large 

V. w I?'^"no/ f^'^on^^gnetic tunnel junction which shows die magnetic-reluctance rate of change near the theoretical 

^^^^^^1^:^^^ - voiui^i^rr 

lavT^ AeVTe'S^' 1 7^ is explained using a drawing, it is shown in drawingi2 - as - as a ferromagnetic 
lay^ - the CoFe fihn 122 and the Co film 124 ~ using - both these ferromagnetism layers - aluminum203 from - it 
has the strucUire whose becoming tumiel barrier layer 123 was pinched. This structiire is produced inZe procesL 
subZe fr^^ ■ ''P"^^*"" ferromagnetic layer 132 which consfsts of CoFe on a^ 

substiate 131 using a vacuum evaporationo mask is carried out ( drawing 13 (a)), masks are exchanged succeedindv 
and the aluminum layer 133 of 1.2-2.0mn thickness is vapor-deposited (dr^win£l3 (b)). By pulT^^^^ 

rZ^^ntJ^rZ^Zf^ '^"'T; ' fr r.'- ^""^^ bairie7l^;34 whLS conslt of 03TZied 
liSlnfl H-^ . f™agnetic layer 135 which finally consists of Co so that the 1st ferromagnetic layer 132 
and longiUidmal direction may cross vertically through this tiimiel bamer layer 134 is formed, and the ferromSic 
a maxiC oTf 7"'^""* electrode mold is completed ( dmMn^l3 (d)). By thi^ method, rb^gTa ue of 

a maximum ot 1 8% IS acquired as magnetic-reluctance rate of change , s ucui 

"^I^o'qt ' *r ' ^^P^rt °f JP'5-63254,A, JP,6-244477,A, JP,8-70148,A, JP,8-70149,A, JP,8- 
^efb^er la3; tt^^^^^^^ Society of Japan, 21 volumes, 493-496 etc. pages", etc., etc. It puts to toat on of a 
tunnel barrier layer into [ after fomung aluminum layer atinospheric air here, and is aluminum2 03 The method of 

^oinrtL\ IT"^ 7 -'^^T^ ^'"^'^ °f the timiel barrier differffrorn dralTngH 1 

foTestfepor^^''"^^ ''''' ^ ferromagnetic layer is^^isidiffn^iZ 

[0006] There is technology used for the spin bulb as technology which applies these magneto-resistive effect elements 
to the playback magnetic head for high density record. By putting an antiferromagnetisif^ayer on ^e side of two 
cZS: r H ^T'^fy by the non-magnetic layer, a switchl^comiectfon I^^et fidd S^given 

consider as the fixed bed, and let another side be a free layer. The sense of magnetization of the fixed bed is set up so 
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that It may go direct with a data-medium side, and the sense of magnetization of a free layer is set as a data-medium side 
and parallel. By changing the sense of magnetization of a free layer by the leakage magnetic field from dtaredhi 
which wrote m information, whenever [ with the sense of magnetization of the fixed bfd / angular reMon 1 T 
modulated, and resistance change of the element produced as a result performs signal detection. It is well known for the 
spm bulb to a feiTomagnetic tumiel junction using a tumiel barrier layer between ferromagnetic layers thatTeT^to^^^ 
for which difference of using a non-magnetic layer uses the switched comiection magnetic field of a certl thing^^^^^ 
effective as common technology. [0007] ^ 
[Problem(s) to be Solved by the Invention] In order to apply a magneto-resistive effect element to the high density 
magnetic head the leakage magnetic field from data medium must be detectable to high sensitivity and stabiUty If both 
sides are monolayer and are going to acquire the big magnetic-reluctance rate of change for high-sensitivity-iSL a 
ZZZTr i''"' P^i^rizability is required for two ferromagnetic layers which constitute the coLentfonal 

tnr^Zn^ ?h f'""- "7'^''' '""'^ ^ ferromagnetic layer is several 10. It has the big holding power 

more than Oe. Therefore, since a hysteresis characteristic remarkable in a magnetic-reluctance curve appears when T 

^^"^^ ^ ~ ^^-^^^'^^ -^^^^^^^ ^^^^ ^^^^ 

[0008] moreover the degree which is a practical use element size in order to apply a magneto-resistive effect element to 
die magnetic head, and to reduce the effect of theimal noise - although low resistance was required, by the cor^^Snal 
tunnel bamer fonning method, the implementation was difficuh. Moreover, although the ma^itude of si^aT^^^^^^ 
nrllm^Sn T the densification of the magnetic head, with the conventional tec^ology, the tecS 
problern that low resistance and sufficient high current density were not obtained also occurred, wiAout spoiling an 
element property. Furthemiore, it was difficult for dispersion in the inside of a wafer or a lot-to-lot elemerprope^ to 
be large, and to obtam sufficient manufacture yield with which practical use is presented with the conventioSIl 
technology . It is thought that these technical problems mainly originate in the formation method of the conventional 
tum^e bamer layer. By the method using oxygen glow discharge, in order to use the active oxygen of ion orTrXal 
condition for oxidation of a conductive layer, there are a problem that control of thin oxide-filScloiess Te ^^ol 
of element resistance, is difficuh, and a problem that a tiimiel barrier layer is polluted and cemenSquX ' 
detenorates by the activated impurity gas which occurs simultaneously. On the other hand, by the method by the natiiral 
ba^^enZ ^^^^P^"^'^ 'I Pfblems like oxygen glow discharge by producing"^ pinhole in aTmier 

bamer layer, or receiving contamination of moistiire, a carbon oxide, nitrogen oxides, etc. with the dust in atmospheric 

[0009] The object of this invention solves the technical problem of such conventional technology, in addition to offering 
the magneto-resistive effect element which can moreover detect a signal magnetic field to stabitity by high sensiti"w 
and such a property, is equipped with resistance required for practical use, a^d a signal output vohage SeT andTs' to 
offe flie manufactiire method of a magneto-resistive effect element of having imprfved the manufSe yield' 

[Means for Solving the Problem] The above-mentioned object is followed. A magneto-resistive effect element of this 
invention In a magneto-resistive effect element which has stiuctiire of a ferroma£ietic tiimiel junction whoselmid 
bamer layer was pinched between ferromagnetic layers, and has arranged an ant^eiromagnetiim layer on the oi^Me of 
rJZ"'^. T " by consisting of soft magnetism films by which a ferromagnetic layer of a 
ZIT^ noil 'ItL' c'^.T^r ftiferromagnetism layer at least equipped a tiamiel bamer layer side with a 
S X SotT'o^^^^^^^^ -^l^ polanzabihty film is Cox. Fe 1-x (0<=x<l) It is characterized by being a film, 1- 

Nix Fex (0<-x<0 35) film, or an intermetallic compound with perfect spin polarization, and when it is an intermetallic 
compound, it is charactenzed by being semimetal films, such as NiMnSb n « is an imermetaiiic 

5nn!i] P/ef^bly, thickness of said high polarizability film is characterized by being lOnm or less 
[0012] It IS charactenzed by said soft magnetism film being Permalloy Nix Fe 1-x (0.35<=x<-0 8) and is characterized 

uH} ^ T^'^^t^'" method of a magneto-resistive effect element of this invention has stiuctiire of a ferromagnetic 

mZLorf T ^"^u ^'^^^^ P'"'^^^^ ^^^^^^^ ferromagnetic layers. In a manufacture method^f a 
magneto-resistive effect element that one ferromagnetic layer consisted of soft magnetism films which equipped a 
timnel bamer layer side with a thin high polarizability film, and has arranged an antiferromagnetism layer on the outside 
of anotiier ferromagnetic layer After forming a conductive layer which consists of a metal orTsemiconductor it is 
charactenzed by including a process which intioduces gas containing oxygen, cames out natiiral oxidation of this 
conductive layer front face, and fonns a tiinnel bamer layer into a vacuum. 
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[0014] In this invention keeping coercive force small, since a ferromagnetic layer of a direction which is not in contact 
with an antiferToma^etism layer at least consists of soft magnetism films which equipped an interface wiZa ^e 
Wr layer with a thm fihn of a rate of the hyperpolarization, big magnetic-reluctLce rate of change is acqui^and 
the above-mentioned object can be attained. ^4""cu, diiu 

[0015] Moreover, in a manufacture method of this invention, since gas containing oxygen is introduced, natural 
oxidation of the conductive layer front face is carried out and a tunnel barrier layer is formed into a vacium 
rSr^ ^ equilibrium state in a pure ambient atmosphere which is not influenced of impurity gas, growth of 

anjjxidation zone is possible and a high quality tunnel barrier layer can be produced with sufficient control. 

[Embodiment of the Invention] The gestalt of the 1st operation about the magneto-resistive effect element of this 
invention is explained with reference to a drawing. 

[0017] In the magneto-resistive effect element with the structure whose tunnel barrier layer 14 was pinched between the 
free layers which consist of the fixed bed which consists of a cascade screen of the 1 1/feLmagnetiL kyer 12^ 
antiferromagnetism layers, and a ferromagnetic layer 13 as shown in dmwm^l , the ferromagnetic layer H which 
constitutes a free layer consists of soft magnetism films 16 which equipped with the thin high polarizability film 15 the 
tht filnlff 'h ^™ n^" ™' high polarizability film 15 has large coeTcive force compa^d wil 

tbn films such as a permalloy generally used as a soft magnetism film. However, coercive force can be reduced by 
pihng up the thin high polanzability film 15 with the soft magnetism film 16, keeping large the polarizabmty of 
SlTr f' '^"^ ^""'^ ^"^'^^^^ hairier layer 14. Since the ma^ietic-Lctance a^^^^^ 

cnSnl t T'^T'^'.'"'^^ J"""''"" ^'"^"^ P^^P^^ °f thin ferroma^ etic layer front face which 
contnbutes to tunneling, the magneto-resistive effect element suitable for the high densi^^ magnetic head having big 
polanzability and small coercive force is obtained by using such a free layer system. Although what is necesr^ is just 
to choose preferentially the matenal with polarizability big on the other hand as a ferromagnSc layer 12 used^ the 
fixed bed, It can also be made the same configuration as a free layer. 

[0018] As a high polarizability fihn 15, it is Cox Fe 1-x. (0<=x<l) Or Nix Fe 1-x (0<=x<0 35) It is mentioned as a 

T::^:^^:;^'::^.^^^^^^ if ^ ^^"^ ^^^^^-^ -^en U an InSr^etar Z^^^^^^ with 

?e^zab r^th^^^^^^^^^ ' magneto-resistive effect element with still bigger magnetic-reluctance rate of change is 
motif JtL^^^^^^^^ J'^i'? polanzability film 15 is lOnm or less, since the coercive force of a free layer is 
mostiy decided by the property of the soft magnetism fihn 16, a small value will be acquired, but it is more effective if it 
'lo7e:nTuu"'"^^^^^ (035<=x<=0.8) is used as a soft magnetism film 16, the smZold^^^^^^ 

1 or le s Oe will be acquired. Moreover, if the natiiral oxidation film of aluminum is chosen as a tiimiel banier kyer 
Xllrlf high q-hty which reduced pinhole density substantially will be acquired. In order Me^uSnum 

Tx d zTto?hfw ?^'P^" ^^^P^""^^""' «f this aluminum is too thick, to 

r^f^nv ? ? ? of the fenomagnetic layer of a substrate if too thin, and to cause decline in magnetic-reluct^ce 

he i^l? r ' ™^ °Pt™^l thickness is decided by conditions, suchTs magn^^ad^of 

the inegulanty of a substi-ate ferromagnetism layer front face 'lOKimuue or 

E!^?*' ^T-'^ of the 2nd operation about the manufacUire method of the magneto-resistive effect element of 
this invention is explained with reference to a drawing. '^icmcm ui 

[0020] As shown in dramng 2 , after canying out continuation membrane fonnation of the antifen-omagnetism layer 21 
the ferromagnetic layer (fixed bed) 22, and the conductive layer 23 in a vacuum ( drawing 2 (a)), p^ o^ygLn^s^ ' 
introduced witiiout breaking a vacuum, nan«-al oxidation of the front face of a conductive layer 23 is cS ou and tiie 
tiinnel bamer layer 24 is fonned ( drawing 2 (b)). As shown in drawina^2 (b), as for a conductive layer 23, oxMiz^g 
without excess and deficiency is desirable. After exhausting oxygen. Cox Fe 1-x (0<=x<l), Nix Fe L (0<=x<0 3?? or 
the high po anzabihty film 25 that consists of an intennetallic compound with perfect spin polarization is fonned 
Tm^tt^td™:^^^^^ *^ ^^^^^ ^^-'^ture of a feiromaiietic tiinnel junction e^ment is 

[0021] When the alloy which contains Fe, Co, nickel, or them in a ferromagnetic layer is used, good coat natiire is 

Zf^lt: '^"Tr^' "^'^ ' hy choosing aluminum with the value smaller rr^e 

surface free energy of a fen-omagnetic layer as a conductive layer 23. Consequently, with the completed element the 
good property that no electric short circuit between the ferromagnetic layers by the pinhole is is^fred Z^'ver the 
free energy of fonnation per oxygen 1 atom of aluminum is aluminum2 which serves as a timnel bLer la^ ZeVis 
larg^ than Fe^ Co, and mckel. 03 ft is thennally stable at a cementation interface. Although the fixXd was foiled 
ahead of the free layer 27 with the gestah of tiiis operation, the same effect is acquired also at the process ^f tMs ^ie. 
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[0022] 

[Example 1] The 1st example of this invention is explained to details with reference to a drawing 
0023] As the basic struchire of the magneto-resistive effect element of this invention is shown in drawing 3 The buffer 
layer 32 which consists of a bilayer film of Ta film of 5mn thickness and nickel0.81Fe0.19 film of 5mn thickness is 
minded on Ae Si substrate 31 which oxidized the fi-ont face thermally. It is aluminum2 on it to the 1st ferromajetic 
layer 34 and pan which consist of nickel0.81Fe0.19 film with an antiferxomagnetism layer [ 33 ] and a thicknesTof 
lOmn which consists of a FeMn film of formed 15mn thickness. 03 The tumid barrier layei 35 4hich conSs of a film 
ITv f.?' ^"i'* ferromagnetic layer 38 which consists of a formed bilayer film of the CoF^mm 36 wTth 

a thickness of 3mn and the mckel0.81Fe0.19 soft-magnetism film 37 with a thickness of 15mn. The buffer layeT 32 il 

nroner'f H ^7 ^^^'^ ^^"^ '^^^^^^ ^"^^^ ^^^^'"^ ^^"^^ P^^se with an antiferroma^m 

property. In order to acquire this structure, nickel0.81Fe0.19 film which constitutes a buffer layer needs to cSry o^^ 

r Ti H? ind zVt T ? T 1 T '"^^ '''''' ^^^^^-^ if -ther thin " h as 

^Mn P^Mn PHM . l"^' ^f'^'^'f' "'"^ ^ antiferromagnetism layer in this example, IrMn, 

NiMn, PtMn^PdMn etc. can be used for others. Although the fixed bed and the 2nd feiromagnetic layer 38 const tute a 
mn7iTM '1 ferromagnetic layer 34, the sense of magnetization of these two layers hafgone St mumaT 
'Z'^^ltl'^t:^^ ^'^'^ magneto-resistive effect element of this iLntionfs explained to det Jls 

8lVeO^^^ I' ^^^^^^^ fil- (thickness : 5mn) 

and mckelO.81Fe0.19 filni (thickness: Buffer layer 42 which consists of a bilayer film of 5nm) Antiferromagnetism 

ISo sT^Sf iT^rVv ''"^^ ferromagnetic layer 44 whiih consttsTf"^ 

In^tiZfd ^ <^ond"etive layer 45 which consists of an aluminum film (thickness: 

2mn) Spatter vacuum evaporationo was continuously earned out in the same vacuum. RF magnetron sputtering 

weTx 1 0 toT oHesrf '"V^T "^^^ "^^"^^^^^ A" spSnditions 

w^e 1x10 to 7 or less Torrs of background pressures, Ar pressure lOmTorr, and high-fi-equency power 200W Next 

oxTfl' of T'"" ' 'P'^f 7''^ "^y^^" i^ held for 10 minutes by 20Torr(s). Natural 

oxKlation of the aluminum conductive layer 45 was carried out, and the ttmnel bairier layer 46 was formed (after 
exhausting tamg4 (b) and reaching a background pressure). The spatter vacuum evaporationo of Z^nd 
ferromagnetic layer 49 which consists of a CoFe film (thickness: 3mn) 47 and a nickelO 81Fe0.19 soft-magnetism film 
(thickness: 15mn) 48, and the protective layer 50 which consists of a Ta film (thickness: 5mn) was carZ^T 
continuously, and the cementation configuration layer was completed ( drawing_4 (c)). This protective layer 50 is for 
protecting a cementation configuration layer from process contamination. The ma^etic field of 1 OOOefs) 
ZZrfr T "'^ti^" i"?^ 41st page of a substi-ate through membrane fonnation of this cementation 
7a^TrT^Z^^''- r'T' ^^""^ the niagnetic field of 200Oe(s) is added in this direction and the direction which 
fo0261 N^^^^^^ '""^ P"^^ "f ^ ^"hstrate, heat treatinent was performed for 1 hour. 

S^^n H ? T ™^ ^ronfiff ation was processed so that it might be in agreement with the direction of a 
longittidinal direction's magnetic field impression at the time of membrane formation of all the layers of a c^entation 
configuration layer using usual photolithography technology and ion milling technology ( drawing 4 (c) ) T^ rSst 
pattern 51 for specifying a cementation size is formed on aprotective layer 50, and ion milling]^ed ouTtrAe 
tZl""l"' 4 A Performed after canying out electron beam evaporation of the 

Z In of^^^^^^^ t "TT ^^"^ '^T"™^' 25^""^)' -ith this resist pattern left. 03 ( drawing 4 

(f).) In order to acquire the electnc contact between a protective layer 50 and a wiring layer 53, after performine revise 
spatter cleaning on the exposed front face of a sample, the wiring layer 53 which consists of an' alumiCmr 
(thickness: 200mn) is vapor-deposited on all front faces. Next, ion milling of the wiring layer 53 is carried ouTusine a 
resist pattern, and a magneto-resistive effect element is completed ( drawing 4 (g)) ^ ^ 

S ^'^f magnetic-reluctance curve of the magneto-resistive effect element which used and produced the 
manufactiire method of this invention to drawing 5 is shown. Hex is Hcl and the switched comiection maS field 
sti-ength between Ae anttferromagnetism layer 43 and the 1st ferromagnetic layer 44 and Hc2 are A^c^erdve force of a 

compared with 5.9% obtained with the shiicttire which does not insert the CoFe film 47 Moreover the coercive force of 
a free layer was 160e(s), and even if it measured it against the case where the CoFe film ^^not i^s^^^^^^^^^ 
coe^vrJ " ' "I 'T T^-ticreluctance rate of change has been improved substLSrC^^^^^^ 

T ^'V'^'', '"^t^' ferromagnetic layer 49 which constitiites a free layer by Lsiderifg as a 
mnT«i n .^^'f u^^^^^ ^^"^ nickel0.81Fe0.19 film called 3mn of thickness. 

[0028] On the otiier hand, the bond resistance showed the relation of reverse proportion with a sufficient precision to the 
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plane-of-composition product, as shown in drawing6 . 2.4x1 0-6ohmcm2 was obtained from this inclination as 
resistance standardized in area. Such low resistance that enables many device application, such as the magnetic head 
was realized for the first time with the magneto-resistive effect element of ferromagnetic tunnel junction ^cture ' 
Moreover, resistance can be changed several figures size by controlling the oxygen pressure force and substrate 
teniperature at the time of the tunnel barrier stratification. The maximum dispersion of the bond resistance in a 2 inch Si 
water is also **4%, and has produced the element with the sufficient controllability. 

[0029] 10x10 micrometers of cementation current density dependencies of the magnetic-reluctance rate of change in 2 
'".d™S&7 . even if magnetic-reluctance rate of change makes current density increase - 104 A/cm2 
* "'^^C^'^^^^f'^ completely changeless. 3x104 A/cm2 But magnetic-reluctance rate of change has also 
stopped at about 20% of reduction. It is 1 04 when it asks for the direct current signal output voltage of this magneto- 

[ooaor ""^"^ " ^"^^ ^""^ ^""^^"^ ""^^ ^'^'^ " 

S^^^^l^ ^\ example of this invention is explained to details with reference to a drawing 

[0031] As the basic structure of the magneto-resistive effect element of this invention is shown in drawing^ The buffer 
layer 82 which consists of a bilayer film of Ta film of 5nm thickness and nickel0.81Fe0.19 film of 5nm tfflckness is 
minded on ttie Si substrate 81 which oxidized the front face thermally. It is aluminum2 on it to the 1st ferromagnetic 
layer 84 and pan which consist of a CoFe film with an antiferromagnetism layer [ 83 ] and a thickness of lOmn which 
consists of a FeMn film of formed 15mn thickness. 03 The tumiel barrier layer 85 which consists of a film is minded It 
consists of the 2nd fejromagnetic layer 88 which consists of a formed bilayer film of the CoFe film 86 with a thickness 
ot 3nm and the mckel0.81Fe0.19 soft-magnetism film 87 with a thickness of 15nm 

^^^^ m'^i^.Tf^'?''^^ magneto-resistive effect element removes using a CoFe film instead of 

mckel0.81Fe0.19 film as 1st ferromagnetic layer, it is the same as the process of drawing 4 . With this element 
""Tm o"/^ "if '^^^ ''^^^^ ^ improved substantially compared with the case where ' 

nickel0.81Fe0.19 fi m is used as 1st ferromagnetic layer. On the other hand, the coercive force of a free layer became 
large somewhat with 2.0Oe(s). Thus, magnetic-reluctance rate of change has been improved substantially, keeping the 
coercive force of a free layer to some extent small as 2nd feiromagnetic layer 88 which constitiates a free layer bv 
considenng as a bilayer configuration of an utoa-thin CoFe film and nickel0.8IFe0.19 fihn called 3mn of thickness and 
using a CoFe film as 1st ferromagnetic layer which constitutes the fixed bed fiirther. even if this magnetic-reluctance 
chlgelesr^^ ^ cementation current density increase - 104 A/cm2 ****** - private seals were completely 
[0033] 

[Example 3] Next, the 3rd example of this invention is explained to details with reference to a drawing 
[0034] As the basic sfructure of the magneto-resistive effect element of this invention is shown in drawing9 The buffer 
layCT 92 which consists of a bilayer film of Ta film of 5nm thickness and nickelO.SlFeO. 19 film of 5nm thickness is 
minded on tiie Si subsfrate 91 which oxidized the front face thennally. It is aluminum2 on it to the 1st ferromagnetic 
layer 96 and pan which consist of a bilayer film of the nickel0.81Fe0.19 soft-magnetism film 94 of 93 or lOnm 
thickness of antiferromagnetism layers, and the CoFe fihn 95 of 3nm thickness which consists of a FeMn film of formed 
15nm thickness. 03 The tunnel barrier layer 97 which consists of a film is minded. It consists of the 2nd ferromagnetic 
layer 910 which consists of a formed bilayer film of the CoFe film 98 of 3nm thickness, and the nickelO 81FeO 19 soft- 
magnetism film 99 of 1 5nm thickness. 

manufactiire method of this magneto-resistive effect element removes using the bilayer film of the 
"•T mo ?n !n ^^^-"^^gnet'S"^ film 94 of lOmn thickness, and the CoFe film 95 of 3nm thickness instead of 
mckel0.81Fe0.19 monolayer as 1st ferromagnetic layer, it is the same as the process of drawing 4 . With this element 
niagnetic-reluct^ce rate of change is 17.5%, and improves substantially compared with 5.9% obtained with the 
structure which does not insert a CoFe fihn thin as the 1st ferromagnetic layer and 2nd ferromagnetic layer. Moreover 
the coercive force of a free layer was 1 .80e(s), and even if it measured it with the case where a CoFe film is not 
inserted, It was the increment in 1 or less Oe. Thus, magnetic-reluctance rate of change has been improved substantially 
«irnf^ I .1 free layer small by considering as a bilayer configuration of an ulfra-thin CoFe film and 
nickel0.81Fe0.19 film called 3nm of thickness as the 1st ferromagnetic layer 96 which constitiates tiie fixed bed and a 
free layer, and 2nd feiromagnetic layer 910. even if this magnetic-reluctance rate of change makes cementation current 
^0036^ ^^"^^^^^ " " P"^^^^ '^^'^ "^^^ completely changeless. 

[Example 4] Next, the 4th example of this invention is explained to details with reference to a drawing 

[0037] As the basic stinictiire of the magneto-resistive effect element of tiiis invention is shown in drawing 10 The buffer 
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layer 102 which consists of a bilayer film of Ta film of 5mn thickness and nickel0.81Fe0.19 film of 5nm thickness is 
minded on the Si substrate 101 which oxidized the fi-ont face thermally. It is aluminum on it to the 1st ferromagnetic 
layer 104 and pan which consist of nickel0.81Fe0.19 film with an antiferromagnetism layer [ 103 ] and a thickness of 
lOnm which consists of a FeMn film of formed 15nm thickness. 203 The tunnel barrier layer 105 which consists of a 
tilm is minded. It consists of the 2nd ferromagnetic layer 108 which consists of a formed bilayer film of the Fe film 106 
with a thickness of 3nm and the nickel0.81Fe0.19 soft-magnetism film 107 with a thickness of 15nm 
[0038] If the manufacture method of this magneto-resistive effect element removes using the bilayer fihn of the Fe film 
106 of 3mn thickness and the nickel0.81Fe0.19 soft-magnetism fihn 107 of 15nm thickness as 2nd ferromagnetic layer 
instead of die bilayer film of the CoFe film of 3nm thickness, and the nickel0.81Fe0.19 soft-magnetism film of 15mn 
thickness. It is the same as the process of drawing 4 . With this element, magnetic-reluctance rate of change is 10 0% 
and improves substantially compared with 5.9% obtained with the stioictiire which does not insert the Fe film 1 06 ' 
Moreover, the coercive force of a free layer was 1.20e(s), and even if it measured it with the case where die Fe film 106 
IS not mserted it was the increment in 1 or less Oe. Thus, magnetic-reluctance rate of change has been improved 
substantially, keeping the coercive force of a free layer small as 2nd ferromagnetic layer 108 which constittites a free 
layer by considenng as a bilayer configuration of ulfra-thin Fe film and nickel0.81Fe0.19 film called 3nm of thickness 
even it tins magnetic-reluctance rate of change makes cementation current density increase ~ 104 A/cm2 ****** - 
private seals were completely changeless. 

[0039] Although nickel0.81Fe0.19 film is used as 1st ferromagnetic layer which constitiates the fixed bed from this 
example in addition even if it uses die bilayer film of Fe film or nickel0.81Fe0.19 film, and ultra-thin Fe film in die 
way ot thinking same with having been shown in examples 2 and 3, it cannot be overemphasized that the same effect is 
acquired. 

[0040] 

[Example 5] Next, die 5th example of this invention is explained to details with reference to a drawing 
[0041] As the basic structure of die magneto-resistive effect element of this invention is shown in drawing 11 The buffer 
layer 1 12 which consists of a bilayer film of Ta film of 5nm tfiickness and nickel0.81Fe0.19 film of 5nm thickness is 
T x?lrc?^i' ^^^f ^te 1 1 1 which oxidized the front face tiiermally. The 1st ferromagnetic layer 1 14 which consists 
ot a NiMnSb film widi an antiferromagnetism layer [ 1 13 ] and a thickness of lOnm which consists of a FeMn film of 
tormed 15nm thiclcness, and the tiinnel barrier layer 115 which consists of aluminum203 film on it are minded fiirther It 
consists of die 2nd ferromagnetic layer 118 which consists of a formed bilayer fihn of the NiMnSb fihn 116 widi a 
diickness of 3nm and the nickel0.81Fe0.19 soft-magnetism fihn 1 17 witii a thickness of 15nm 

;^f?"?f ^^""^ '"^^o^ of this magneto-resistive effect element removes using a NiMnSb film instead of 
mcke 0.81Fe0.19 film as 1st ferromagnetic layer, and using die bilayer film of die NiMnSb film 116 and the 

. m"oI^^^'l^ soft-magnetism fihn 1 17 as 2nd ferromagnetic layer instead of the bilayer film of a CoFe film and a 
mckeI0.81Fe0.19 soft-magnetism film, it is the same as die process of drawing^ . With tiiis element magnetic- 
reluctance rate of change IS 21.3%, and has improved substantially compared widi the case where nickelO 81FeO 19 film 
IS used as 1st ferromagnetic layer. On the other hand, the coercive force of a free layer became large somewhat with 
2.6Ue(s). Thus, magnetic-reluctance rate of change has been improved substantially, keeping the coercive force of a free 
layer to some extent small as 2nd ferromagnetic layer 1 1 8 which constitiites a free layer by considering as a bilayer 
configuration of an ulfra-tiiin NiMnSb film and nickel0.81Fe0.19 film called 3nm of thickness, and using a NiMnSb 
film as 1st ferromagnetic layer which constitiites the fixed bed fiirther. even if ttiis magnetic-reluctance rate of change 
mn.?T ?!?"^^?°r ^^^'^ '"""^^^^ - 1^"^ ^^^"^2 ****** - private seals were completely changeless 

[0043] Although the NiMnSb film is used as first ferromagnetic layer which constitiites the fixed bed from this example 
in addition even if it uses the bilayer film of nickel0.81Fe0.19 fihn or nickel0.81Fe0.19 film, and an ulfra-diin NiMnSb ' 
him in die way of thinking same with having been shown in examples 1 and 3, it cannot be overemphasized tiiat the 
same eriect is acquired. 
[0044] 

[Effect of die Invention] If die sti^ctiire of diis invention is used, die magneto-resistive effect element which can 
moreover detect a signal magnetic field to stability by high sensitivity is obtained, and die application to the high 
density magnetic head, magnetic memory, etc. is also possible. Moreover, if die manufactiire method of diis invention is 
used, the tiinnel bamer layer of the high quality equipped widi resistance required for device application and 
cementation current density can be formed widi a sufficient confrollability. 
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* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely 

2 . * * * * shows the word which can not be translated. 
3 .In the drawings, any words are not translated. 
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